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ABSTRACT

Epidemics and infectious diseases are among the most important challenges
facing humanity and the World Health Organization is addressing these challenges by
adopting a set of strict instructions and measures to reduce the risk of contracting these
diseases. most important of which is wearing masks that is one of the most important
tools for preventing infectious diseases transmitted through respiratory droplets. The
role of masks is not limited to limiting the spread of infectious diseases, but it is
considered an urgent necessity that must be adhered to in some places of a sensitive
nature, such as the operating room, pharmaceutical factories, chemical compounds,
atomic medicine, medical research centers etc.

In this work, as the first step, two face mask detection datasets have been created,
the first one is MJFR (Muna Jaftfer Fawziya Ramo) which was collected from four
different repositories on roboflow platform after several technical processings and the
second one is MSFM (Muna Shamdeen Fawziya Mahmood) which was created from a
group of images and captured videos from our daily lives based on the curriculum
learning technology and two classification datasets have been created.

Having created and gathered the datasets, the next stage is to build a multimodal
intelligent system for detecting and classifying face masks, called Face Mask Detection
Multi Models Intelligence System (FMDMIS) which comprises two main independent
stages: the detection stage and the classification stage.

In the Detection stage, eight models have been proposed. Five models were
proposed from the original YOLOv8n (You Only Look Once V8n) model, and three
models were proposed from the original YOLOv5n v6.0 (You Only Look Once v5n
v6.0) model. For the proposed YOLOv8n models, the first four modified models are
called M1-YOLOv8n (M1 stands for Modified 1), M2-YOLOv8n, M3-YOLOVS8n,
M4-YOLOv8n which integrates a unique subset of modules (ResNet Stem,
ResNet Block, ResNet downsample, GhostConv, Enhanced ResNetBlock and
SPPCSP) into YOLOv8n backbone for each modified model in such a different way
from one modified model to another. The primary objective of all modified models of
Yolov8n is to enhance the feature extraction and prediction capabilities of the
YOLOv8n model and create a network that is both effective and efficient. While the
fifth modified model is MTSD YOLOvV8n (Modified Two Stage Detector You Only
Look Once v8n) that improves YOLOV8n to work as two stage detectors instead of one
stage detector.

In YOLOV5n v6.0, three modified models have been proposed namely M1-
YOLOvV5n v6.0, M2- YOLOvV5n v6.0 and M3- YOLOvV5n v6.0 which carefully curated
a set of anchor configurations tailored to the specific requirements of small object mask
detection for all modified models and integrates a (ResNet Stem and ResNet Block,
ResNet downsample and SPPCSP ) modules into YOLOv5n v6.0 backbone for each
modified model in such a way different form one modified model to another.

In the Classification stage, this stage has been designed and implemented in two
directions, the first direction includes the proposed four models using deep learning
while the second direction includes feature extraction and classification that have used



three ways to extract features and four methods to classify images. The Genetic
algorithm has been used to find the optimal hyperparameters to improve the accuracy
of all proposed models and compared it with the random research optimization
technique.

The experimental results have shown that the performance of all modified
versions of YOLOv8n outperformed the raw YOLOv8n and the M3-YOLOv8n has the
highest performance compared to other modified models achieving a 95.4% mAP@50.
In addition, the experimental results showed that all modified models of YOLOv5n v6.0
outperformed the raw YOLOvV5n v6.0 and the M3- YOLOvS5n v6.0 has the highest
performance compared to other modified models achieving a 94% mAP@50.
Moreover, MTSD_YOLOv8n model achieved an accuracy of 99.9%. The performance
of the MobileNetvl LGBM_ GEN (MobileNetvl Light Gradient Boosting Machine
Genetic) model has superior performance compared to other proposed models with an
accuracy of 99.4%. Furthermore, the results showed that the FMDMIS system produced
efficient and distinctive results compared to other methods that use the same datasets
from the literature.

A user-friendly web application using the Flask web-based framework for face
mask detection has been built and deployed on amazon elastic compute cloud instance
which enable users to access the application through their web browsers. The FMDMIS
system was successfully implemented in one of the medical clinics affiliated with a
medical complex in duhok governorate by utilizing two cameras either (two external
Full HD web cameras, laptop camera, mobile camera) to monitor people. if a person is
detected without a mask in the clinic, the system triggers a beep sound and sends real-
time notifications along with images of detected individuals to the dedicated mobile
application.

Finally, the results of the FMDMIS application showed high efficiency in various
aspects of work, and it effectively contributed to improving public health and safety.
The FMDMIS system was nominated within the technological incubator / Ministry of
Science and Technology / Industrial Research and Development Authority.



alal) Bty Mad) el 505
Jua gall daala
clualy g G gulal) agle 4l

G gulall agle and

Rial) (a3l Jany (<3 aUaT 3dT § ananal
44‘93\ &Lﬁ ARV o RAN
dadia :\AJJL‘
Jia gall ol B sl M g gl e 20 (pudia

(oAb o ) ¢3S0 Balgds Jud clthaia (e ¢ JaS
G yuladl agle

Jd (e

il i
d gada ga JJ‘NA:‘J}A Q)

PR L VEEn



AadAl)

Aabiie Jants ol p—il) aal 5 ) cibaaill aal (e damall (ol Y1y 35 59 axs
Slel ja¥ls Gladaill e e sane A U (e laalll 02a dgal o o dpallall Aol
il ol aal (e 2a3 ) Clalall) 6105 ) Lgatl 5 ¢ ial 3 a2 Aloal) Hhalae Jali) 4 loall
anll Ao Gl 50 paaiy Vg o omniil) 31350 e J85 ) Apaeall lal 1Y) (e 4408 1)
13 S g 8 L al VT Cangy Aala 5y 5 5 i o dpamall Gl a1l (g
A alall 5 Ailaa Il S yall 9 4y 50 il ian g Cllaadl 43 2 Jia dul il daglal)

a5 dpbal) a1 S

Al Al e (o BSH iy (e e gane oL i o sl 5 50AS (Jaall 28
Gl Adline Clea st a day ) (g Lgran a3 Gl 5 (50 A58 sina (30) MIFR (2 (sY)
(Asene )58 (e Jie) MSFM (o2 40l 40 Cilalles 320 223 roboflow 4—aie
o 8L e gl Lila (o Adaiilal) giadl) laliay )5 —all (e de sane (o la gl ) o3 il
il Qlly (e (e sana oLi) &y (agiall alxill L ol 535

aamia S aUai oLy 8 A0l Als ) JicH Lgaanis cililall cile sana sl Gif aay
Gl e o KU daaiall zkadll o185 alad e einiaigaa ol Al e o U il gl
s oy oSS Al o s ) Gl e Gila je e Cllly (2 5 (FMDMIS) 4551

zisai o rilat i wed Bl & e 3la dAgilal ) B W o SSH A e
Z s (e z3ai 4336 1 58 &35 «(You Only Look Once V8n) 1—=¥! YOLOV8n
z3ail i iy (You Only Look Once v5n v6.0) L—=¥! YOLOVSn v6.0
= M1) M1-YOLOVSn (o} 5¥! axall 4y )¥) zilaill et ¢da jiiall YOLOVSD
z—23 s M4-YOLOv8n «M3-YOLOv8n «M2-YOLOvV8n «(Modified 1
ResNet Block s ResNet Stem) dhaatll claa gl (e 82y 38 dpe jd 4 e sana
* (SPPCSP Enhanced ResNetBlock s GhostConvs ResNet downsample.s
gl AT Al Jame 73 sad (e Adlidg 48y Hlay Aaas z3lad I YOLOVSN (588l 2 gl
zsak il 5 < el 1 Al <l )38 335 58 Yolov8n — Adaeall z3laill maead aln)
3o puel Al Jaaall pasall of gon B B3S5 Adad A< 5 5L 33)y YOLOVSn
MTSD_YOLOv8n (Modified Two Stage Detector You Only Look Once v8n)
s ya ga 8IS e Yo Gl e e o 38K Jaad YOLOVSN (p—send e Jass 52
daal g

M1- YOLOV5n v6.0 5 idane z3lai 4336 #1 58| o5 ¢ YOLOV5n v6.0 &
(e Ae gana palaih Alay il Al s M3- YOLOVSn v6.05 M2- YOLOvSn v6.05
aeal aiall SN o8 GV saaal) ldlaiall Liay iad daaaall 3l jall il <3
ResNet_downsample s ResNet Block s ResNet Stem) <las 5 zad g aanall - dLail)
O Adlidg Ay Hhay Alaaall 23l JSVYOLOVSN v6.0 sl 3 gaall & (SPPCSP s
AT Jame pd s



JY oYl ey ¢ aalatl 8 Lok g Als jall 038 araaal o cciiiail) As ja b
ol all Al SN o) iy Laiy (el aleil) aladi Wl ds i g3l day
Al small Cayiail (3l ao )l 5 <l el 21 ALY (5 5k G aladi ol &5l g ol
da i) g 3lail) gan 483 Gl el A8 Cilaeall Sl siell gal) dua ) ) a0 alasial
o) siadl Canall auen 4y g lia

e 358 YOLOVEN (e Aaral) <l jlaa¥) anan elal () A il i) <yl
S s AY) Uaaall 3l 4 )aa el Jel 43 M3-YOLOV8n ol 251 YOLOVSn
Uaedl) zilaill paan ) Ay ol giliid) < jelal celly ) Ayl mAP@50 790, ¢ s
M3- YOLOV5n v6.0 fs aall YOLOVSn v6.0 e @i s YOLOVSn v6.0 o
@l e s e mAP@S50 74 ¢ s Sl 5 ,aY) Al zalailly 45 i ool el 4l
MobileNetv]  zdsas elal atiaiy 794,94 483 MTSD YOLOVSN z3sas (38a
LGBM_GEN (MobileNetvl Light Gradient Boosting Machine Genetic)
Of bl @ yelal (@lly e 5le /99,8 A8y 5 AN da il zalailly 45 e (3 sdie ool
Sile gana adi a3 0 Al gAY GOk A e 8 jan g Allad il gl FMDMIS plas
¥ e bl

CalSl cy gl ) aitall Flagk dee Jda) aladinly aladin) Jews cu g (aadad ol o3
Say 3 Amazon Elastic Compute Cloud Jfie (e o 5 a5 4 sll 4l oo
oUa i 25 gy Aalal) sl i aie YA (e Gabill ) Jsa sl (e (pe3diadl)

DA e dgandbilas G b gesad Al dplll Glaball aa) 4 2 LasFMDMIS

sl Jsana SiguaS | 5aalS Sl Full HD 483 O Ja Gus OinalS Yl (i ualS alass )
Aldaill o iy salaall gl () s (ad i LIS &5 1Y) Gala SV D) pad (A gena | jalS
Gl () 35Sl 21 Y ) g e ) 2 gl e oy s g Jaadiy
oamaiall J sendl Cailgll

(Juandl (e diline (1l a3 Ale 3L FMDMIS Gaad il < jelal ¢ 5al
(yana FMDMIS Uit g 5i o Aedlaal) g dalall da sl aen o Jlad JS 0 aalaag
geliall jshaill g Sl A3 / L o1 g5l g a2 glall B )1 55 / daa ol il Anizalal)



